In some earlier papers (21 , 22, 23, 24 to earth by a small condenser to eliminate high frequency noise and led to an oscilloscope tube for recording. Due to the lack of sufficient high frequency response, the impulse discharge could not be recorded in this investigation. 4 . Optical system. The optical arrangement is shown in fig.1 . Light from a single coil tungsten lamp (LS) was focused on slit SL. The light valve (LV) in front of the slit was remotely operated synchronous with the sweep of the oscilloscope beam.
A mirror (M1) reflected a tiny portion of the light into a phototube (PT) to give a sign of "on" or "off" in the record.
A diaphragm for microillumination (SR), to be described below in detail, was hinged at H so that it could be quickly removed from the beam to permit uniform illumination of the whole retina without changing the intensity of illumination at the focal region of the retina, where the electrode was located.
With no filter, the intensity of illumination on the retina was about200meter candles (m.c.). In some of the experiments, a one log neutral filter was inserted to reduce the stimulus to20m.c. The diaphragm for the microillumination consisted of two metal plates, each of which was provided with a slit as shown in fig.2 .
The plates were placed with their slits at right angles to one another.
The movements of the plates in the directions shown by arrows in the figure, therefore, gave a two-dimentional motion of the light spot on the retina.
The square spot of light on the retina was about0.1mm. on a side. A microscopic inspection of the spot projected on a piece of white paper revealed that the spot was sharply imaged but with a narrow colored band on the borders owing to chromatic aberration. With such a small spot of light, the ERG was hardly visible when the tip of the electrode was over the retina but not penetrating it. 1. Experiment in which the electrode was advanced from the vitreous side. A full series of the EIRG's led from different depths is illustrated in fig.6 . The intensity of illumination was 20m.c.
With this intensity of microillumination, no discernible potentials were recorded from the surfaces of the retina (top and bottom records on the left), and the potentials from within the retina were always almost purely negative, being strongest at Depth 1 to 4. With the even illumination, on the other hand, a normal ERG was detected by the electrode in the vitreous, and only a vestige of negative potential change appeared after the elec trode has penetrated through the retina to the opposite side. (This was not the case when the retina was strongly illuminated.
See later descriptions.)
The configurations of the potentials between the above extremes were complicated, obviously due partly to simultaneous recording of the focal negative potentials as revealed by the microillumination and the ERG's in different proportions according to the depths of the electrode within the retina.
Attention was directed to the fact that no appreciable potentials resembling the ERG were recorded during microillumination at any depth n in the retina.
Naturally, only a small number of the visual cells are activated by the microillumination, and so the ERG origi- fig.5 ) when it just entered the tissue fluid. On the other hand, the microillumination responses, known to be most active at Depth1to4, served a confirmation of the electrode position within the retina.
A series of records with an illumination of20m.c. is illustrated in fig.8 . At Depth7, the potential changes due to microillumination were negligibly small, while those due to even illumination were of the typical ERG form but were naturally inverted. Their size and shape did not change much until the electrode reached Depth4.
From this depth on, the negative deflections due to microillumination became more prominent, while those due to even illumination began to change their configurations.
At Depth0, they finally disappeared altogether. Other records were substantially the same as above, as long as the intensity of illumination was weak (20m.c.).
When the intensity was increased by one log unit, it often occurred that the potential changes did not disappear completely even after the electrode had penetrated through the retina to its opposite side. The remaining potential changes due to even illumination were of typical of the normal ERG but small (Depth0in fig.9 ), and sometimes remained so even after the electrode was broken by further advance through the black cloth covering silver plate indifferent electrode underneath.
The microelectrode must have hit the texture of the cloth. Undoubtedly, the recorded potential changes at this electrode position were of a passive nature, being developed by the ERG current flowing from the retina toward the silver plate across the cloth bed , The current will return from the silver plate to the opposite side of the retina around its ends, and occasionally perhaps via retinal regions inactivated somehow during the operation.
The considerable current flowing in the external circuit as evidenced above may account for the potential changes, which are often recorded in the non-inverted retina after the electrode has penetrated through it to the receptor side. The potentials are of a shape of the reversed ERG and are produced during strong illumination (records labeled 7 in fig.10 and 11 ). 3 . Experiment on strychninized retina. The experiments so far appear to support the view that the EIRG's are comprised of two gross components: The one the potentials contributing to the ERG, and the other the focal potential changes the relation of which to the ERG has not yet been made clear.
The best way of allocating the components of the ERG to the different retinal layers , therefore, should be to repeat the recordings after the focal potential changes were removed.
Based on the findings already reported (24), strychnine was used for this purpose.
After the retina detached from the pigment epithelium was mounted with its receptor side either on top or underneath, a droplet of 0.02% strychnine was applied While excessive fluid was soaked up by blotting paper. fig.10 and 11 illustrate the records from the retina with its vitreous side on ton. the last two of three series of recordings repeated in the course of the drug action.
The recording in fig.10 was started 10 minutes after the strychninization.
At this stage, the ERG at first augmented by strychnine was returning to the initial amplitude, while configurations of the EIRG's became simpler as the focal potential changes decreased their amplitude.
In the recording started 5minutes later ( fig.11 ), the focal potentials disappeared completely, while the potentials due to even illumination were still there though decreased in size. Their amplitudes depended on the depths, with a polarity reversal at between Depth4and5.
Their configurations were much alike, though not completely similar.
The records in fig.12and13were obtained on the retina with its re- (8 , p.189) , to know where the electrode tip actually was within the retina . With electrodes long and slender, they bent easily. The present method appeared to solve some of the problem.
With the microillumination which was not very strong , the focal potential changes were not detectable when the electrode was outside the retina. This meant that the fluid outside the retina was practically equipotential everywhere, and therefore, that the recorded focal potential changes with penetrating electrodes were same irrespective of the position of the indifferent electrode.
Thus the focal potential changes were found to be a useful indicator for locating electrodes within the retina . It was particularly so, when electrodes were inserted from the receptor side of the retina , whose thickness could by no means be said to be always the same as that of the undetached retina .
The second problem was how to isolate the ERG as a mass response in the presence of the focal potential changes. Subtraction of the microillumination response from that produced by even illumination was not considered to be a satisfactory method, since it was very unlikely that both shape and size of the focal potentials were quite independent of the method of illumination.
In this respect, strychnine was used to eliminate the focal potentials .
Experiments with such precautions revealed that not only the b-wave but also the a-and d-wave changed their amplitude most during the electrode excursion among the bipolars, implicating their main origin in this layer. From the evidences that the photoreceptors of insect and crab respond to light with distinct potential changes (2, 3, 11, 12) , some contribution of the receptor layer of the frog's retina was what was suspected at the outset of this experiment, but its distinction from the rest of the ERG was not successful . However, it was thought almost certain that the outer portion of the receptors was not involved to the ERG generation, since electrodes within this layer recorded no potentials other than those appearing to have their source somewhere else. The inner portion of the receptors as other possible source lies too close to the bi-polars to distinguish its activity potentials, if any, from those of the bipolars with the present method.
As an instance favoring the above view, fig.15 was picked out of the preserved records obtained by the use of a large microelectrode and a chopper type main amplifier with a UX-54 preamplifier tube (21) . The recordings were made in the standard manner but with the opened eye immersed in a pool of Ringer's fluid.
The eye was kept from floating on the solution by a metal weight provided with a hole of 8mm. across in the center through which illumination and electrode insertion were made. Due to the shunting effect of the fluid, the ERG was very small when the active electrode was outside the retina (record labeled 0). Intraretinally, however, potentials resembling the ERG but of opposite polarity were recorded in different sizes according to the depths.
This may well be explained by the circuit in fig.16 .
With switch S open, point A is positive compared to C, but with S closed, A and C become equipotential and the potential E is always negative, provided that RI is negligibly small and R2 significant. The reversed potential is maximal when P is on B and subsides toward either side. As the focal potential changes had not come to attention at the time of the recording, they were not controlled and consequently are considered to take some part in the records.
Nevertheless, it is very probable that the battery, or batteries, of the ERG is located closer to the internal limiting membrane (or A in fig.16 ) than to the opposite retinal surface (or C in the same figure) . If the battery existed between B and C instead of A and B, the potential would be increased without the polarity reversal until P moved down to B and then would subside. One might suspect the sclera as the site of R2, but if this were the case, the remarkable decrease of the amplitude as the electrode approached the bottom of the retina (record labeled 7 in fig.15 tivity by microillumination, all the rest part of the retina will act merely as an inactive external medium for shunting the battery developed in the focal region, producing a condition similar to that under which the records in fig.15 were obtained.
Nevertheless, the independence of the focal potentials from the ERG processes is still maintained for the following reasons: 1) They are highly localized within and in close proximity to the illuminated area ( fig.3) , whereas the ERG appears, apart from the problem of scattered light, to be a more diffuse potential (4, 5, 16, 25) . 2) The focal potentials are more susceptible to aging and chemical agents than the ERG. The retinal part injured by the penetrating electrode may lose activity sooner than the intact region, but this is not sufficient to account for the fact that, once the focal potentials have disappeared at one site, punctures of other regions of the same retina usually fail to detect them, or, if detected, they are very feeble. 3) Depending on the condition of the preparation, the focal potentials initiate with a considerable precession or delay to the start of b-wave, while the latency of the ERG does not change much (24) . The very early initiation of the big negative intraretinal potentials in Noell's record may represent an initiation of the focal potential changes while the blood supply is intact, though he considers it as a start of the a-wave which was exaggerated by the intraretinal lead. The records in fig.20were obtained from an isolated retina with its vitreous side on top. The focal potentials were minimized by aging the preparation for a while. The recording was started from the left top downwards with stepwise excursion of the internal pipette out of the external.
The pipette was then pulled back in the same steps (right column).
The records in fig. 21were from the opposite retina of the same frog with the pipette inserted from the receptor side. The recording was started from the left bottom upwards, returning back along the right column.
At a glance in these figures, it may be clear that all the fast components in the ERG change their amplitudes most during the pipette excursion within the bipolars.
As was the case in a preceding experiment ( fig.14) , a little shift of the depths of maximal amplitude is noticed between the two, indicating a limitation of this kind of approach. 
